Introduction
============

The prevalence of respiratory diseases has increased substantially in recent years, and respiratory diseases have come to play a major role in the morbidity and mortality profiles of the population. A public health problem, COPD ranked fourth among the leading causes of death worldwide in 2006, and by 2020, it is estimated that it will be the third leading cause of mortality worldwide.^(^ [@B01] ^,^ [@B02] ^)^

In chronic lung disease patients who have severe progressive impairment and a high level of inactivity, lung transplantation is recommended as an essential therapeutic intervention, being an effective treatment option.^(^ [@B03] ^)^ The most common indications for this intervention are emphysema (in 36%), idiopathic pulmonary fibrosis (in 20%), and cystic fibrosis (in 16%).^(^ [@B04] ^)^ In transplantation candidates, assessment of their level of physical activity is an important tool for quantifying the impact of the disease on their activities of daily living (ADL).^(^ [@B05] ^)^

The six-minute walk distance (6MWD) is also considered a good marker of functional capacity in ADL, and the use of the six-minute walk test (6MWT) is recommended in the assessment of patients with exercise-induced lung disease or cardiovascular disease, given that it provides an overall analysis of the respiratory, cardiac, and metabolic systems.^(^ [@B06] ^)^ Another way of assessing the functional status of a patient is to use scales or questionnaires.^(^ [@B07] ^)^ The use of questionnaires or scales has shown the impact that the disease has on the level of physical activity and the quality of life of chronic disease patients, indirectly reflecting the degree to which the disease interferes with their ADL.^(^ [@B08] ^)^ Currently, there are few validated scales to investigate the impairment of functional capacity in chronic lung disease patients, especially in severely impaired patients who are candidates for lung transplantation.^(^ [@B09] ^)^

The London Chest Activity of Daily Living (LCADL) scale is a tool aimed at assessing the level of dyspnea during ADL. It has four domains: self-care; household activities; physical activity; and leisure activities.^(^ [@B08] ^,^ [@B10] ^)^ The LCADL scale, which is considered an inexpensive and user-friendly instrument, can be a feasible clinical tool for assessment and monitoring of dyspnea-related functional impairment in chronic lung disease patients, as well as for pre- and post-intervention assessment. Although this instrument has been validated for use in COPD patients, there are few studies evaluating the use of this scale in lung disease patients already on the waiting list for lung transplantation. The objective of the present study was to evaluate the applicability of the LCADL scale in patients on the waiting list for lung transplantation by assessing the psychometric properties of the scale and the relationship between the scale scores and the 6MWT results.

Methods
=======

This was a cross-sectional study involving patients treated at the Pulmonary Rehabilitation Program in the Pereira Filho Ward of the *Complexo Hospitalar Santa Casa de Misericórdia de Porto Alegre*, located in the city of Porto Alegre, Brazil. All male and female patients who were on the waiting list for lung transplantation between May and September of 2010 and who gave written informed consent were included in the study. Patients who had cognitive or motor limitations, as well as those who had had respiratory infection in the three weeks before the assessment, were excluded from the study.

The version of the LCADL scale used in the present study has been validated for use in Brazil.^(^ [@B08] ^)^ The LCADL scale consists of 15 questions divided into four domains: self-care; household activities; physical activity; and leisure activities. Each question in each domain is scored by patients on a 0-5 scale, with 5 representing the greatest dyspnea-related impairment in ADL. The total score can range from 0 to 75 points, with higher values translating to greater limitation in ADL. In addition, the LCADL scale has a multiple-choice question, i.e., question 16, which refers to specific information about dyspnea-related impairment in ADL in any situation and to which patients are required to answer \"Quite a bit\", \"Slightly\", or \"Not at all\". The LCADL scale, which was administered as an interview by the same researcher, was interpreted on the basis of its total score (expressed as a percentage).

The 6MWT was performed in accordance with the American Thoracic Society recommendations,^(^ [@B11] ^)^ considering reference equations for healthy adults.^(^ [@B12] ^)^ The six-minute walk work (6MWW) was calculated by multiplying distance walked by body weight (in kg).^(^ [@B13] ^)^ Before and after the 6MWT, patients were assessed for their perception of dyspnea and leg fatigue with the modified Borg scale.

All pulmonary function tests were carried out in accordance with the technical standards and the acceptability and reproducibility criteria of the American Thoracic Society/European Respiratory Society.^(^ [@B14] ^)^ Flow-volume curves were obtained with a Koko spirometer (Ferraris Respiratory, Louisville, CO, USA). The parameter used to assess pulmonary function was FEV~1~. Results are reported as a percentage of predicted reference values.^(^ [@B15] ^)^

Statistical analysis was performed as described below. The variables were assessed for distribution by using the Kolmogorov-Smirnov test. Continuous variables are expressed as means and 95% CIs, and categorical variables are expressed as absolute and relative frequencies. Bivariate and multivariate linear regression analyses were performed to identify possible associations between the LCADL scale results and the covariates of interest (6MWD, 6MWW, age, FEV~1~, and the Borg scale scores). Initially, all covariates that had a p \< 0.10 in the univariate analysis were included in the multivariate model. The next step was to exclude the covariates that were found to have critical p values (values that were not significant) one by one. This step was repeated until all variables remaining in the model had a p \< 0.05. The internal consistency of the LCADL scale was measured with Cronbach\'s alpha coefficient, which investigates specific correlations between total and domain scores. For the purpose of calculating this coefficient, values of p ≥ 0.70 are considered adequate.^(^ [@B16] ^)^ In addition, the proportion of patients with minimum and maximum scores (floor/ceiling effect) was calculated.

The study was approved by the local research ethics committee (Protocol no. 3293/10) in May of 2010.

Results
=======

The present study included 26 subjects, 10 (38%) of whom were male. The mean age was 48 ± 14 years. The characteristics of the sample are shown in [Table 1](#t01){ref-type="table"}.

Table 1Characteristics of the sample of patients on the waiting list for lung transplantation.[^a^](#TFN01t01){ref-type="fn"}VariableResultBMI, kg/m^2^23.8 ± 30.2FEV~1~, % of predicted35.1 ± 17.4FVC, % of predicted43. 8 ± 14.9FVC/FEV~1~0.67 ± 0.236MWD, m331.4 ± 118.76MWW, m/kg101.9 ± 30.2[^1][^2][^3][^4]

In the sample as a whole, 14 (54%) and 12 (46%) of the patients had obstructive and restrictive lung disease, respectively. The patients included in the present study had the following diagnoses: pulmonary fibrosis, 13 (50%); COPD, 4 (15%); cystic fibrosis, 2 (8%); bronchiectasis, 3 (12%); and others, 4 (15%).

The mean total LCADL score (expressed as a percentage) was 36%. In the sample as whole, 16 patients achieved a total LCADL score above 50%. In 69% of the cases, the answer to the qualitative question on the LCADL scale, i.e., question 16, which refers to the level of dyspnea-related impairment in ADL, was \"Quite a bit\".

The overall alpha value was 0.89, and the alpha values for each domain ranged from 0.72 to 0.94. There was no floor or ceiling effect.

In the univariate analysis, the 6MWD, the modified Borg scale scores, and the 6MWW showed significant associations with the total LCADL score (expressed as a percentage; [Table 2](#t02){ref-type="table"}).

Table 2Univariate analysis of the total score on the London Chest Activity of Daily Living scale (expressed as a percentage).Variableβ95% CIpAge, years0.226− 0.222 to 0.6740.323DiagnosisCOPD0.000Pulmonary fibrosis− 16.325− 34.000 to 1.3510.070Cystic fibrosis− 8.244− 26.362 to 9.8740.372Bronchiectasis− 9.658− 30.574 to 11.2590.365Others− 10.746− 27.024 to 5.5320.196FEV~1~, % of predicted0.373− 0.001 to 0.7410.0056MWD, m− 0.079− 0.132 to − 0.0270.002Modified Borg scale score− 0.056− 2.461 to 2.3490.9646MWW, m/kg− 0.348− 0.563 to − 0.1330.002[^5][^6]

In the multivariate analysis, the 6MWD ([Figure 1](#f01){ref-type="fig"}) and the 6MWW showed a significant inverse association with the total LCADL score (expressed as a percentage; [Table 3](#t03){ref-type="table"}).

Figure 1Relationship between the total score on the London Chest Activity of Daily Living scale (expressed as a percentage) and the six-minute walk distance (6MWD). (β = −0.103; p \< 0.001).

Table 3Multivariate analysis of the total score on the London Chest Activity of Daily Living scale (expressed as a percentage).Variableβ95% CIp6MWD, m0.087− 0.128 to − 0.046\< 0.0016MWW, m/kg0.285− 0.448 to − 0.123\< 0.001[^7][^8]

Discussion
==========

The objective of the present study was to evaluate the applicability of the LCADL scale in patients on the waiting list for lung transplantation. This instrument was found to have good reliability and to be associated with the 6MWD and the 6MWW. Our data showed that the total LCADL score was inversely associated with these parameters in the study population. Higher scores on the LCADL scale translated to lower 6MWD and lower 6MWW.

Carpes et al.^(^ [@B08] ^)^ showed that the LCADL scale correlated with the 6MWD in COPD patients. When we compared the LCADL scores with the different diagnoses of patients, we found no significant differences. However, we observed that COPD patients had higher scores on the LCADL scale than did those with other diagnoses. The lack of significance in the differences among the different diagnoses might be due to a lack of power for this analysis.

Recent studies have reported a negative correlation between movement intensity during ADL in COPD patients in the self-care domain and the total LCADL score.^(^ [@B17] ^)^ The reported results suggest that lower movement intensity during ADL translates to a higher total score on the LCADL scale, indicating greater functional impairment in ADL. When we evaluated the association between the 6MWW and the LCADL scores, we also found it to be significant. One group of authors^(^ [@B13] ^)^ proposed that functional performance during exercise would be better expressed by the product of 6MWD and body weight than by the analysis of 6MWD alone, because subjects perform specific work when walking, given that they transport their own body over a given distance over a given time.

In the present study, the LCADL scale was found to have high internal consistency (alpha), with the overall alpha value being 0.90 and the alpha values for each domain ranging from 0.72 to 0.94. Previous studies have demonstrated that the LCADL scale has high internal consistency when administered to COPD patients. One study^(^ [@B18] ^)^ reported an alpha value of 0.98, which demonstrates that the LCADL scale is a valid measure of dyspnea during ADL. Another study^(^ [@B10] ^)^ showed that the Brazilian Portuguese-language version of the LCADL scale is reproducible, having an alpha value of 0.86.

In the present study, 69% of the patients in the sample achieved a total LCADL score (expressed as a percentage) above 50%, i.e., they showed severe dyspnea-related limitation in their ADL. A recent study has suggested the use of a cut-off point of 50%, with a score equal to or greater than 50% indicating severe dyspnea-related limitation in ADL.^(^ [@B19] ^)^ In addition, we should take into account that most of the study sample reported that dyspnea significantly affects their ADL, which leads us to believe that dyspnea can impose major restrictions on these patients. The presence of dyspnea has been considered a severe limitation to physical and social activities, having a direct impact on the quality of life of patients with chronic obstructive or restrictive respiratory disease and leading to a marked increase in morbidity and mortality.^(^ [@B20] ^)^

In the univariate analysis, the modified Borg scale score (dyspnea) showed no significant association with the total LCADL score (expressed as a percentage). This finding might be associated with the fact that the Borg scale has poor reproducibility, which has been reported in other studies, given the difficulty that patients have in classifying their level of dyspnea because of desensitization.^(^ [@B21] ^)^ In this sense, the LCADL scale can be a useful and user-friendly tool for assessing patients on the waiting list for lung transplantation, especially those experiencing significant impairment in ADL, in whom dyspnea is an incapacitating symptom, even for routine activities.^(^ [@B07] ^,^ [@B18] ^)^

The FEV~1~ was not significantly associated with the total LCADL score (expressed as a percentage). One explanation for this finding is that, although FEV~1~ provides a useful description of the severity of the disease-related pulmonary changes, it does not systematically assess the impact that the disease has on the patients\' ability to perform their ADL because of dyspnea.^(^ [@B18] ^,^ [@B22] ^)^

Age also showed no association with the LCADL scale results. These findings can be attributed to the fact that functional classification scales are more strongly related to patient symptoms and clinical status, neither of which are directly related to age.^(^ [@B19] ^,^ [@B23] ^)^ One explanation for the lack of association between the LCADL scale results and patient age in the present study is the fact that the sample did not include older patients. One group of authors^(^ [@B24] ^)^ found a strong negative correlation between age and functional capacity, which is evidence that physical aspects are more impaired by advancing age than are mental aspects.

One limitation of the present study is the small sample size. However, despite the limited number of patients, it was possible to determine that the LCADL scale behaves appropriately with regard to psychometric properties, as well as being strongly associated with the 6MWD and the 6MWW, which are objective measures.

In conclusion, the LCADL scale proved to have instrumental reliability, as well as being correlated with conventional objective measures of the level of physical activity. The fact that the LCADL scale performed well in patients on the waiting list for lung transplantation suggests that this instrument can be a valid and feasible tool to assess dyspnea during ADL.
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